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SPECIFICATION 
Gel Having a Low Cross-linking-den^ty and 
Method for Producing the Same 



FIELD OF TECHNOLOGY 

The present invention relates to a low ofoss-linking-densrty gel used as an 
optical conductor for connecting end faces/of optical fibers, and a method for 
producing such a geL 



TECHNICAL BACKGROUND 

An optical flbpr connector/ a fixed connecting device, a light 
combining/splitting device or like deplce has been generally used to connect end 
faces of optical fibers. 

A mechanical contact methbd is mainly used to connect end faces of optical 
fibers in an optical fiber connector. According to this mechanical contact method, 
ferrules are respectively fittedyon cores of both optical fibers and are inserted into 
fitting holes, which are formj6d in the opposite side surfa^^ a connector main 
body to communicate witfr each other In linear alignment with each other, from 
the opposite sides of the (Connector main body, and the end faces of the two cores 
having the ferrules fitted therearound are fixed in abutment against each other to 
be connected with each other. 

Besides the above mechanical contact method, for example, there have 
been proposed the use of a lens as an optical conductor at a joint portion and the 
use of a matching oil in the optical fiber connector as disclosed in Japanese 
Unexamined Patent Publications No. 56-1 10912 and No, 56-81807, respectively. 
On the/Other hand, matching oil, matching grease, epoxy resin or the like is 
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an cpt,oa, .0. oonn cfon o, op«=a. fibers >n a fixed 

con„e«ing davic. »r light .on-binina/splittina device. 

, . .asi«„y couirad in the connection of the optica, f*e,s to n,ax,.,.v 
eliminate the diffusion of iiah. at the Joint ponion of the two and faces. 

HO cccrding .0 the .»thod for mechanically bringing the end faces 

Of .e optical «bers into contact with each other, an air layer . inevitably present 
.e.ween«,aendfacas d.atolt,n,echanlca, construction. Sincethisa-M^^^^ 
,Hecoresoftheopt,ca,«bershavadifferentrefractiveindicas, light ,sd,f,usedd.a 

„ e difference in refractive index Iting in a toss of hght. 

arrangement o, an optical conductor between the end faces Ha. be», 

"raver, the prior art .ethod using a. ns as the optica, conductor 
„ecessitatasecon,plicatadconstructionandtheuseofa,arge-si»dapp.^^^^^^^^^ 

Has a problen, in reliability during the attachment and detachment of the opt,c,l 
fibers. Thus, this method has low industrial applicability. 

The prior art method using matching oil as the optical conductor 

problems o, flow-out and oxidation of the ol «ng from increase and decrease 

enemperature. and a problem Of a Short iife. Particularly. If Silicone o,i , us 

«,ematch,ngol,,nisd-fflculttopreventthesl„coneol,from«cwingou,dueto, 
.reaping Characteristic. Thus, thauseofthematching oil compelsanexchangeo. 

s Ja certain period of «me and. therefore, ha, low Industria, app.ca ,„ty. 

on the other Hand, the method using gre the optica, conductor ha 

.en proposed in order to avoid the above problems of flow-out and ox.e«cn o 
01, Grease can certainly avoid an undesirable even, of flow.ut due ,0 ns h,gh 
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viscosity, bu. cannot avoid problems of changes In characteristics caused by 
,empera«.re and a difference in refractive index be^«een a thicKening agent and a 
compcaition and h« a lower ilght transmittanc. as compared to the case where 

*e matching o sad. Further, greas. has a fata, problem ot being unable to 

restore (eliminate) air bubbles produc«l by a displacement of the two end faces at 
the ioint portion. Therefore, grease also has low Industrial applicability. 

According to tha prior art method using an epoxy resin as the optical 
conductor, the epoxy resin is cured by heating or air-ourad, and displays a 
satisfactory performance over a long period of time. However, this method has an 
unavoidable problem of coloring due to oxidation. In view of operability. mixing of 
a curing agent, removal o, air bubbles, curing by heating, etc. are necessary 
during the manufacturing process. Further, in the case of defective connection of 
the end faces, the optical fibers have to be thrown away and the whole process 
has to be resumed from the beginning. This method is used despite Its poor yield, 
but has low industrial applicability. 

in view of the problems residing in the prior art. a main oblect of the present 
invention is to provide a low cross-linking-density gel which can effectively 
suppress th. diffusion of light when end faces of cores of optica, fibers are 
connected, and a method for producing such a gel. 

I, is another object of th. presem invention to provide a low cross-linking- 
density gel Which effectively suppresses the diffusion of light at a joint portion of 
end faces of cores of optical fibers, and a method for producing such a gel. 

It is still another objact of the present invention to provide a low cross- 
llnklng-denslty gel which is free from a flow-out problem even If temperature 
increases or decreases due to a change in working environments, and a method 
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for producing such a g I- 

It is further another object of the present Invention to provide a low cross- 
linking-denslty gel which can stably suppress the diffusion of light by maintaining 
its working performance over a long period of time, and a method for producing 
such a gel. 

DISCLOSURE OF THE INVENTION 

In order to solve the aforementioned problems and accomplish the above 
objects, an inventive method for producing a low cross-lin king-density gel, 
comprises; 

a compounding step for adjusting a flexible silicone gel material to have a 

specified refractive index, and 

a reaction step for causing the flexible silicone gel material adjusted in the 
compounding step to cross-link In a binding^gi^^t where cross-linking density is 
low. thereby producing a low cross-linking-density gel. 

In the inventive method, the specified refractive index is set substantially 
equal to the refractive ihd ex of cores of optical fibers to be connected. 

In the inventive method, a polyorganosiloxane having vinyl groups at Its 
ends is used as a primary agent of the flexible silicone gel material. 

In the inventive method, a cross-linking agent is added in the reaction step. 

in the inventive method, the polyorganosiloxane having covalently bound 
hydrogen atoms is added as the cross-linking agent. 

in the inventive method, the compounding step and the reaction step are 

performed in a clean room. 

Another inventive method for producing a low cross-linking-density gel, 
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soecified refractive index, ,s„i,j„n 
,.Vnt.e.z1n«s.p.orsvn*es«n,aco.p=s..nWa..n.ac.o^^^^^^^^^ 

a filling atep for filling the composition into a synnga. 
a sealing step for sealing the syringa, and 

„„dargoanaddit.nraaotlon,na.lnaingregionwHe.ecross.lin.ingdens„y,slo«, 

hereby producing a low cross-lin^lng-densKy gal in the ayringa. 

.*=d the syringe Is sealed by mounting a cap .n *e 
In the inventive method, the synna" 

^^^^^^ , 

In the inventive method, the synng 

„f the low cross-llnking-densVty gel by 
dispensing a predetermined amount o, ^,„^^.„„„„,. 
,ap,.cing the cap mounted on the syringe by a n«z,e after the 
Hon^Jtv ael is produced in tine syringe. 

density is low. ^^^^^ ^^^^^^„^,^„^ 

In the inventive gel, tJie speciTiea reu 
.0 the refractive index of cores of optical fibers to be connected. 
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r action 



«.,on takes place in the presence of a p.af.n«. 
and the addition r action takes p 



catalyst. nolvorganosiloxane having 

the cross-linking agent IS a poiyorga 

In the inventive gel, the cro:. 

r action. , : oroduced in a clean 

room* 

OP THE 'NVeN^'°N ^^^^^^^^^ 

^^^'^-^--^Z.^^ - . .... — , .... - 

"""""" 2 „ „,.a, an. does no, contain . Hs ,e«u.e 
„„™ U.U3I viscous matter 
enVtWnB, Which Hinder, the propa«at,on of ,„ht, sue 

^^"''^""'"'"Z^Z,^^ . *a. it .s resistant to ohan.es in 

, -nd '^-^--"'^l ,«sure and ...rations, 

outer environnnents such a. temperature, 

*ird requirement for this materia, .s that ,t do.. 
«„e, and the liKe to intrude thereinto. 

, .ourth requirement for this mater.a, ,s that ,. e ^^^^^ ^ 

_.„...can.ecomp,etedw.^^^^^ 

required not to increase a ten^parature 
connecting cparationusina an epoxy ...in. 
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, present ,PP«oe«o. studied «,e structures o, ver.o.s 
The inventors o< the pres."' PP ^^^^^ . „.ater,a. wh-.h 

.....eteri-send — ..eter.sdu.n,t^^^^^^ 

-^-'^''''''''':'^Z^IJL^ ret— structure .nso,u.e in a 

— - ' - : Ipeundin, tec.n.ue ecccrdin, to «.oH a 

Conse,uen.iv. they eatabi,shed a comp ^^^^^ ^ ^^^^ 

— retain, 

compounding technique .or producn, „^ , hat tWs mater,.. 

«.s optima, as a matena. used , or „„,,.„„Kin«.densi.y 
, «ords. bv mereiv prov.d.n, the ^^^^^ ^^^^^^ 

wh.n„9htvvast,a «as remarKably improved. 

— - :::::.i„...dens. ,s producadas^ 

in this invention, the lo TZZ^g 

' „^imarv agent and mafcing 

— ^.active index by adding a P^^"^f ^^^^ slcilled in 

cross-l.n)cs ^^^^^ flexible ^ b^^ding agent where 

the art. A an additional reaction in a ^^^ss_linlcing 

caused to undergo an a ^^^^^ ""^tllbSity can be 

oross-linKing ^^^'^^^^^^^^ and a niinimum ^^-^^^^^^^ ^.i^^ng 

density gel hav^ung a vxsc ^^.^^ ^eactxor. xr. 

obtained. As a result ^j^^^g density. 

agent which causes low cr 
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free hydrogen atoms are advantageously absent since a total amount of active 
hydrogen atoms contribute to the reaction. 

In the above addition reaction, a poiyorganosiloxane containing covalently 
bound hydrogen atoms is added as a cross-linking agent to a poiyorganosiloxane 
containing vinyl groups at its ends, which is a component of the primary agent, 
and cross-linking takes place in the presence of a platinum catalyst. 

A range of the cross-linking density was specified by an amount of the 
cross-linking agent to be added, and a final cross-linking density could be 
substantially precisely controlled. The cross-linked binding agent of the low 
cross-linking-density gel is in the range of 30% to 10% of the theoretical 
equivalent of the poiyorganosiloxane containing covalently bound hydrogen atoms. 

If the gel is produced beyond the above cross-linked binding agent- , it 
displays properties more similar to those of an elastic material as the ratio of the 
cross-linking agent increases. As a result, the gel loses its fluidity and comes to 
possess a breakage point, which is not preferable. On the other hand, if the gel is 
produced below the above cross-linked binding agent > the primary agent which Is 
not cross-linked has an increased degree of freedom. As a result, the gel becomes 
considerably fluid and creeping flow peculiar to silicone takes place, which are 

both not preferable. 

The refractive index of the low cross-linking-density gel can be adjusted to 
a value substantially equal to those of various optical fibers by adjusting the 
refractive index of a transparent silicone oligomer as a primary agent in advance. 
Thus, a loss of Ughx caused by the reflection and diffusion of light due to a 
difference in refractive index between th cores of the optical fibers to be 
connected and the low cross-linking-density gel can be suppressed to a minimum 
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a - 0' — » ^ " 

p„, r,bly as shon as Poss,b.e. ^ 

-o----«'-^';"::;:r^^^^^^^ ..v so,.,oHas a. p« 

— " - - p.se.e.*e a. 

streaks, it can suppress a loss HQ 

a minimum level. .ross-linking-density gel and the 

The physical propert.es of such ,,^marized as 

* chances in outer environments thereon can 
influences of changes in 

„.e. w.awo.,™te.pe,a. ,a c. -40-0 to 120»C, 

l.a.so.p..n.»*eco.ppna..0.1%c..s, 

'^'"^"'^ .„«s..«es.o*eou»,su.ace..^-sno, 

(4) Dust: " 

-permeate-lhto ^component, 

3. pressurized portion is free to deform, 

(5) Pressure. Pr ^ ,3,3e dUatancy. 

*.«r.. Vibration does not cause 

— e-a,a.e.a,..^«— 

does not flow out, 
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... ..... -e. . con~n . . ^^^^^ ^^^^ 

n^aterial filled in the vessel be kept 

reaction step. . . ugg g tubular 

■ H for the above vessel (syringe) are that it na 
Conditions required for the ^^^.^^^ 

. * i^ast inner circumferential surface thereoT to 
body which has at least inner ^^^^ p^^,^^ 

during *e app.ic«K.n o. the fid ^ ^^^^^ 

. a — . .e«,n, cpen.n« ^ ^ 

1 -irtH a sealinfl pecking, wnicn w 
linkihg-dehSity gel, and a sealing ^^^^^^^ 

materials of the low cross-linking-dens.ty gel are 
when raw materials ^^^^ 

accommodated in the vessel along its ^^^^ 
. ,«rt that the vessel and the sealing packing o 
U,hould be noted that the ,j,,er the addition reaction of the 

silicone. 

BBieP OBSCBIPTION OP THE OBAW.NOS ^^^^^^^^^^^^^^ ^^^^^^^^^^ - 
F,G . 1 is a vertical section showing th constru 
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according to the Invention is carried out, 

„I . . a v.«c„ sec^n construOon svr,n,e 

"as ,s a ve«.a, aac^on a.o«,n« an — a» a,a,a wKan a 
composition la pourad into tha avringa, 

%,0 4 >a a vanioa, .action avowing ..a construction o, a d.spanse. for 

.spansing a p— nad amount o. t.e ,ow „osa-,in«n«-<.ans^ .... 

p... S is a van-oa, aaction showin, a stata o. t^a dispansar ,«ar a>, aw 

cross.„n.n,-da„s.tv.ar,n..esvt,n=awasd,spa„aedW..ovin«,p-,,tonrod.^^ 

the state of FIG, 4- 



Hereinafter, a .ow cross-iinKing-densitv oe. according to the invention and 
Heremafter, . « ael are described in detail with 

an exemplary method for producng such a gel 

reference to the aedOmPWlng drawings. 

/Description of a Production i^ethod} 

' L an a«n,p,arv n,at.od ,or producing t.a ,ow cross..in.n,.ana.tv ... 

'"^tl croas.,in.n.dans«v osad a, an optica, conductor for 
. , «bars is producad as follows. First, tha rafraetiva indax of a 

;:r:::rr~:— -rnr. 

a base mataria, is so adiusted as to ,ia within a range o, ..43 1.50. 
as a oase adiusted transparent 

„on,poswon ,s producad by an addition ra.ct,on o, tha thus ad, 
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,. ^ .na a pcvcraanosiloxane containing covalenfy bound hvdro«» 
silicon oligomer and a polYO 8 „„.n,|nth presence of 

K ^rtdedasacross-linklnflaBenttothepnmBrYagentintft P 

z:::zi . — - r - - 

+ ;« '?o% in theoretical equivalent, 
addition rate oi the cross-linlCng agent .a 30* 

The thua produced co,«pc.i«on « «iled into a avnnge ahown 
-.ac,uaed.oundergoanadd..onreact.n,naconata— 

mature of to 100-C maximum for a reaction t,me of from 1 

i croaa-iinKing-denaitv .1 w.c. ia — and .aa a m,n,mu. 

. i„g a three-dimenaionallv cross-linlced material of low dens.tv . 
fluidity despite being a tnree aim 

obtained in the cyringe 10. _ ^ ^^^^^ 

is preferred that such a production method ,s earned o 

. ™.eriala compounding, fflllng into the syringe 1 0 and 
and that the storage of raw materials, comp 

■ „ the LOW Cross-linking-densitv Qel) 
(Descr,pt.on of the Low C ^^^^^^.^^ 

The low cross-linking-density gel produced 
physical properties: 

- silicone mixture, 

{,) Composition. smc 1 43 to 1 .50) 

. ^ ^. 1 46 (adjustable within a range of 1 -43 to 
(ii) Refractive Index: 1 -^^ ^^^i 

Oil) working Temperature Range: ^ ^^^^^ 

stable within a temperature range of 40 o 

(iv) Moisture/Water Absorption: 

' ' 3t most 0.1 % Within a temperature range of 25 

ioo°c, 

adhere to the outer surface, but does not permeate into 

(v) Dust: 

th t xture. 
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(vi) Resistance to PressureA/ibration: 

deformable upon being pressurlz d, but does n t 

undergo thixotropy, 

(vn) Viscosity: at least 1 00,000 cP, 

(viii) Oxidizability: will not be oxidized. 

(ix) Chemical Resistance: Insoluble in most solvents, 

(X, Fluidity: has no fluidity, but Is freely deformable upon an 

external force, 

(xl) Performance Retaining Period: 

at least 20 years when being kept at normal 

temperature. 

The lo» c,oss-1lnklng^an,itv g«l having th. above physical proparfles 
displays .he feilowlng effects when being used as an optical conductor. 

Fir,,, concerning the light transmitting property, the loss o, light was 
reduced and transmmance ™as improved by using this low crose-umcing-denslty 
gel ss the optically connecting conductor at the joint portion o. the optica, fibers. 

, case where the mechanlce, contact n^ethod is used, and transmittanc, was 

improved by about 30 %- 

More speCically, resutts o, a comparative experiment .or verifying the light 
„ansm,«ing property of the .ow cross-iinking-density ge, are as follows. 
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Polished state of end faces of 
optica! fibers 



Cut by a cuner 



Polished by an abrasive cloth 
having a grain diameter of 
0.03 mm 



Polished by an abrasive cloth 
having a grain diameter of 
0.012 mm 



Polished by an abrasive cloth 
having a grain diameter of 
0.003 mm =: 



Transmittance when the end 
faces were merely brought 
nto contact 



6S.50 % 



73.28 % 



77,14 % 



77.85 % 



Transmittance when the low 
cross-linking-denslty gel was 
used _ 



90.60 % 



94.79 



97.28 % 



99.35 % 



u nnprties the low cross-linking-density gel is an aggregate 
Concerning the properties, tne low ^i^^ 

^ * • I r,r4 lirtuid- is viscous despite its cross- 

which is an ISSfSdilS-of eMc matenal »nd liguid, v,sc 

..he.s.t...,S...«....-- 

.on, p_ This «e, wii, no, sonened o, «ui.«d upon ,pp oa 

M th the cores of the optical fibers and components of a 
chemically bound with the cores ot 

Caddino and Is very uniiMv » hinder the propagation o, ,l9ht. 

^ I., the iow cross-iin^ing-densitv gal r,„ed a. the optica, conducto 

3.the,ointpor,io„o»heopticai«hers«a.t,nsthe.nevennesso,thaond.oeso 

.«.,ion o. ,i«h, to a oonsiderahiv iow ieve,, and is s«.hie over a .on« par.od o, 
time without flowing out. 
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,n an example o, experi^en. confirm, such effect, a .maU a^oun, o, *e 
„„ss.„n.n..da„..v was ha,d baleen a pa. c, ,,ass p,ates, «Hic. was 
.a. ..ca„v .e,a . a cons.a« ...Pe.«,.a ... « laCC 1000 o.s 

, .t,. alass Plates WM maasured, but the gel was 
Therearter, dlsplacemant of the 9l«s plates w» 

confirn,ed to have neither been displaced nor become .luid. 

subsequently, only about 6 o. the low oross-lln.ln,-dens«y 8-1 was 
«.a into an PC optical «ber connector, and optical .bars are — 
a„a detached 50 t,n,as and .ans— e was .measured each t,me. Th o . a, 
^nsmlttanc aintalned up to the 2C. n,easura.ent. end started si... 

practicability would be hindered. 

The construcon o, a dispenser for «„in« the low oross.|ln.ln,^ens,tv gel 
.„„ the .C op.ca, «ber connector and th. state o, the low cross lln..ng-densrty 

H^seribed in detail later with reference to the 
gel filled in the dispenser are described 

pertinent drawings. 

Purther, an outer .oc.e. of <^ above PC optica, fber connector w. 

^^v«nr,«H into water while being connected 
detached; and *e optica, fibers ware dropped .ntowat 

.V an aasentbly co.p.sed only of ferrules and a sleeve. — — 
lsur«. with th. ,ow cross.|,n.lng-dens.y gel exposed to water 1.0 obtained 
measurement values were stable w^ou. varying Independently cf the elapse 

sector wh.r.thelowcross.l,nK,ng.densltyge,w,,expoaed,.,0.redu.^^^ 
transmmance was observed. However, as the temperature returned to room 
elperature. transm^ance gradua,ly returned to the original value. Whan bo.ling 
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«a.er was pourod on«. the optical flbera, transmittance changed as abcv . 

Thus, the optical conductor or the low crosa-.inking-d naity gel filled into 
the iolnt portion of optical fibers Is sufficientlY resistant to temperature, 
humidity, pressure, vibration, dust, water and yapor and can contribute to 
simplifying the construction of the conventionally used devices such as op,,ca, 
connectors, fixed connecting devices and light comblnlng/splitfing devices, and ,s 
therefore highly industrially applicable. 
{Description of the Syringe 10) 

The aforementioned syringe 10 has following two applications. 
,A) The first application is xo be used as a reaction vessel in which 
composition Is filled and caused to react as shown In FIG. 1 . 

,B) The second application Is to be used as a containing vessel In which a 
nozzle 20 is mounted on the dispensing and of the syringe 10 as shown In RG. 2 
and Which is assembled Into the dispense, for supplying UPpMng) a 
predetermined amount of the produced low cross-linKing-denslty gel to the iolnt 

portion. 

The construction c, one embodimenrof the syringe 10 used for the above 
,„o applications is described In detail with reference to HGS. 1 to 3. 

First the construction used for the first epplication is described with 
reference to FIG. 1 . The syringe 1 0 has a tubular syringe main body 1 2. which Is 
,0 formed as to have a straight Inner surface and openU,gs at the opposite ends. 
,n this embodiment, the syringe main body 12 has even thickness and. thus, has 

a straight outer surface. 

The left opening of the syringe main body 12 In FIG. 1 Is specified to be 
commonly used as an adm^lng opening through which the afo tioned 
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•.on 14 is admitted and a dlspeming opening trough which *. low 
composition <s aamui<? th« 

A An *»vternal thread 14A Is formed on the 
.ross-llnking-density gel Is dispensed. An external 

. ^ of the end where this admitting/dispensing opening 
outer circumferential surface of the ena wner 

:.o,.=d, and a cap . is ae,ao.a.. _d on .e 

• .„n.i thrsad 1 6 A is formed in the Inner surface o« the 
opening. Acoordingiy, an .nterna, thread 16A , ^ 
.ap 1 6. A portion between th. syringe main bodv 1 2 and the cap 1 

,„d escape Of liquid with the external thread 12A and the 
to prevent the entrance and escape oi iiqu 

internal thread 1 6A engaged with each other. 

Ontheotherhand ng paCng , 3 which serves as a receiving por„on 

«.en the aforementioned composition ,4 is «t.ed Into the syringe ma,n bo y 12 

H«ed in the syringe main body 1 2 along its longitudinal ax>s. 
is movably accommodated m the synng ,„,„FIG 
..hesyrlngelOthusconst^cted. thecapielsdetachedas Shown ,a 

3and the sea,lngpac.n,1..s accommodated while belng,h«tedtowa..he^^^^ 
in P,a. 3 When the compos«lon 1 4 Is admitted. In this state, the compos.cn U 

g.adually admitted into the syringe main body 12 through he 
IS grauu y admitted, the sealing 

admlttlng/dispenslng opening. As the composmcn 14 admrt. 
paCng 18 Is gradually moved toward the right by being pushed by h 

1 i..n 14. After the adminencc Of a speci«ed amount of the compo,.. 
L cap la IS mounted, thereby completing the syringe 10 hav,ng ti,e 

composition 14 filled therein as shown in FIG. 1. 

™rftinn 14 filled therein Is placed in an 
The syringe 10 having the composition 14 flllea 

„nlllustrated constant temperature beti, as it is and Is heated under sped 
.eating conditions. Thecompositionl4inthesyrlngel0.causedtounderg an 

dd Jn reaction by this heating, and beco ow ^''-^'^^-^■■^^'-,^'1^^ 

on theoti^er hand, whenthe thus produc.dlwoross.linKing.dens.tyg.122 
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svringe 10 has a construction Shown m FIG. 2. .. ^ ^ 

A.e™<,ve,v.« ™v cons.e.- » sue. UP ,ow .o.*^^^^^^ 

,e. a. «.c. was »B,a.ea .V an a.a.on .e,«K,n . a sepa.a,e .a.,o„ vass.. 
, . aeV,ce UKe a .VPO..-n. a... a. » ,n.c. « a... 

s ,.e«a. *a svHn.e 1 0. a. .av an.« .a ,ow c„ss„.e.. 

:i;U.s.,aUa..o.asv.n.10.^^^^ 

.u.,as S.OU. e.e. .e ,ow .c— ..a.,W .a, a. a.,n. *e 

. ac^on o. th. low cross.«„kln«-dans«v ae, 22, no maasure. can be ta.an 
injection of tne low thrown 
„™va th. a„ bubbla. and tha ,ow cro.s-nn.,n,-dans,w gal 22 

.s a dafac^va «a.. On *e o«,ar hand, *a cnn,pos.-,on 14 . ..<,u.d and. f 
away as a defeonva g standing, 
a, bubbla. antar it, thay natural^ come up .f tha synnga 

H frcm tha composition 14 without any problem. 
Thus, a,r bubbles can be ramovad from comp ^^^^ 

F^om this point o. view. . is fairly ma,n,ngft.l that th. synng 

»i »nd a function as the containing vessel. In other 
a function as the reaction vessel and a funcfo 

■ , .«.cts can be obtained by producing the low cross.|,nk.ng 

. -K, ««t 92 contained in the syringe 10 is 
amount of the low cross.r.nking-dens.ty gel 22 
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The d,sp6n«r 30 ..provided WW. an outer ,ub. 32 ,n the fo 

. wlh the syringe 10 described above is ac=on,modaxed as shown ,n 
„,„nder ,n wh.ch *e svr ^ ^^^^^ ^^^^^ 

F,6. 4. The outer tube 32h.se CO _ 32 Is formed en insertion 

4 and 6 In the middle of the .eft end of the outer u-be 32 
:;34wh,ohe.ends.nthe,h.o.essd.reotionofthe,eftendend.«,w^^^^^^^ 

„„„,e 20 mounted on the aforementioned svr.n,e ,0 is inserted. M .e .eft s-e 
, , .he outer tube 32 is formed a step 36 with wh,ch the ..ft 
o, the inner surface of the outer ^^^^ 
end surface of «,e syringe 10 accommodated ,nto the 

, „x in > soeclfted position In the outer tube 32. 
contact ,o be located ,n a spech P 

An internal thread 32A is formed in the inner surte 

Z n3S .and 5. 0ntheotherhand.emountb,ocK40hav,n,a 
outer tube 32 ,n FIGS. longitudinal direction as 

p,etcn rod 38 reciprocatinaiy supported along ,ts long 

! bed ieter is mounted in the right end of the outer tube 32., 

descnbed ieter m ^ ^^^^^^ 3 

„ the left portion having a larger diameter than the nght po 
right portion, the left PO 

outer c.cumferen«,l surface of the left P ^ 
40A spirally engageeble with the Interna, thread 32A. 
««aiy mounted in the outer tube 32 by the engagement of 

rtrira :i .0. 40 is formed a center hole 40e emending 
..::::din.,directlon..,eadgrooye.~ 

groove 38 as ^^^^^^ .^^ „^,er 

has a lead groove 38A engageable w.th the lead gro 
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38 is supported in*, mount b.oo. 40 by *e.P^l 
*^ """^ 3 ; «,c. P-n rod 38 ■» ^ade .ov,«e 

.nd forth ..on, .» lon^'t"''-' 

hinck 40 fixed. 

Theleft«ndofthep-.«onrod 38.s. ^ ..^ .^^ ^3 the piston rod 
..-vr...O — .t.oo.or.de.^ 

38 i, moved to the >e«, « pus os *e se a P ^^^^^^ ,^ 

.us.n. the .0. 

..p.nso.t.rou..ad-,sp.ns,„« P - ^ 

,„ „«,er words, tho sea>,n, pa.. « 3„. 
.ounf,n« t.. svr>n«e , 0 .no.o.n, "'^^^^^^^^ , ,.ad v. a 

M the rlBht end o. .h. p.ston rod 3B, ^.^^ 
. J .rotarv tube 46 Is so mounted as to 
.4. on tbe other band, a ro «,e rotary tube 

----*•''^^*='^^r;::b,sen„.edw.tban.r.a.n..oo.a4a^ 
46 IS formed a spUn. groove 4aA, wb 42, Tl,u,, tbe 

formed in tb, outer c,roumferen.a, surface of t^e s^ ^^^^^^ 
,«„n rod 38 is rotated .te.r,«y witb tbe r ta. -be ^ _^ 

Lard or backward aion. its ^^^^ „ , ..re it faoes 

;„eft portion of tbe rotary tube 40 at its rigbt 
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, «r formed one after another in 
^ «t ev rv specified angle ar formeo 

. — . 

Aft The ocking ring s-w 

direction. ^,„, 50 Is elasti«lly engaged 

a oen,.n .oee. « and. ----'^.^^ ,„ ^ .c.ed «a.e. 

«,e,.ad,ngendoftHe>ocK,ngn„gJO ^^^^^^ ^^^^ ^^^^^ ^ ^ 

48 ■.. .a, been engaged «*• ^^^^ ^^^^^ ,3. 3.,„,, 

rrr:— — r— t:: 

„,,„^erenV,a>>v arranged a, e<,ua. ,n.erv„a. a 
Since the receaaea 48 are oonatantly dispensed by 

,.ed an,cant M tbe ,ow crcsa-i.n.ng.en.^ ga ^ ^^^^ 

.,a.ng tn, rctary ..be 4e by one -^^-^J^..^,^- cro..*.ng..nai.y 
dispenser 30 to d,apanaeapredeterm,nedan,ounto 
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,f the cylinder head 1 8 .s m . „ ^eans that all the low 

,„ en,.oa,n»nt. He o ^^^^^^^^^ 
. *«*epo..onon.ep,,c„.o . s, J ^^^^^^^ , 

„n be vlsuelW confirmed. A ^^^^^^^ ,0 „p„„ 

amount o„.e,ov.c™,s-«n«n«.-ene«v«e, 

Sv ■n.K.n. *e ^, *e .em.n>n. amoun. *e 

described. i^o the outer tube 32 

H.t. ^ >ow oross.«n.,n,-d,ns.V oe. ^ ^ , 0 the 

,„ord>n.to..e.— onedmanufectunn.^^^^^^^^^ 

ao mounted at ,» ,eed,n. end -"-^ '^ert-on .o.e 3. TMreaner, 
no.,a0.edau.dtopro,e.tout«ard — ^^^^^^^ 

outer tube 3. W sp.ra.,V .n«a„,n, t e ..te ^^^^^ ^ ^^^^^^^ 
*„ed 32A. At th. st.,e. the p,ston 

p„s«on wm, reepec. to the mount .o= ^ ^ ^^^.^^^^ ^„ 

,„,averte„«V =ome >nto contact v.* the cv ^ ^ 

,berebvc.use,h..o«oros.«dana,W.e,22 

„om the nozzle 20. the piston - 

Ther after, the elotted-head nut 42 ,s sec 
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„CS. 4 and 5 sc *« .s a ^^^^ ^^^^^ 

en. o, *e rotary tu^ a ^ ^^^^^^^ 

,rom the mount block 40 and ,s elastwa.ly 

Th. constmction of an Fi- P ^^^^ 
■ M-h the low oroas-linKlng-density gel 22 » 
-conneotor-l 60 m which the low ^^.^^^ 

J- „.kr 30 constructed as above 
conductor using the d,spen«er 30 

.e,erenoe to HG. 6 • ,3,3„ Industrial 

„3.pec.ed,o«t.erru,esoncorese4A,a46 

^•^""^ "?.::::r6r' However, . — en. the cores 6... 

*• «n includes a doubl^spllt adepter 68, which Is 

3pecl«ca.,v..hls=dnne.tor60 nclud.^ .,.,„l conductor 66 is .«t.d 
a hollow cylinder having open ends. ^.^^ 

respect to a longitudinal direction. ^ ^^^^ 

,„ embodiment, the optical conduct ^^.^^^ 
„eeve 70 and the low cross-linlclng-dens^y ge, 22 

the dispenser 30. comprised of first to 

More .P,cl«cal,y. the center hole o1 the adap or 
..^.nroughhols 63. to 6SH. The «ret through ho„6SA 
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„Wd,e alcn, the I— in., direCon and *e .ptica. conductor 66 ,s Cosely 
,«ed ther.tp. The aecond through hole S6B is ioct-d adjacent ,o the .,rst 
«„cu,h hoi, 88 et the right side and has a diameter ,m„ier than that of the *.t 
«,rough hole 86A. The third through hCe 86C is located adiacen, to the hrst 
through hole 86A at the left side and ha, a diameter larger than that o. the hrst 
through hol. 86A, and a cushion ring 72 to be described later is ciosely fined 
thereinto. The fourth through hole 86D is located adjacent to the third through 

a diameter larger than that of the second through hole Sec, and a first fltting 74 
.o he described later is detachably fitted th«ein«.. The fifth through hCe 68E ,s 
located adjacent to the second through hole 86B at the right side, is open In the 
r-^ht end surface c, the adapter 68 and has a dian,e.er larger than that of the 
second through hole 688, and a second fitting 76 to be described later ,s 

detachably fitted thereinto. 

The fint and second fittings 74. 76 ere so formed as to have the same 

64A 648 ar. exposed from the end surfaces of the first and second fitfngs 74. 
76 respectively. The first end second fmings 74, 76 ar, held in the adapter 68 

through holes 680. 68E. respeetlvely. 

HOW the connector 60 thus constructed is assembled is described below. 

W„h al, the parts described above being separated from each other, the 
optical conductor 66 filled with the low cross-linidng-deneHy ge. 22 is inserted Into 

.he firstthrough hole 68A. Th optical conductor 66 is brought into contact with 
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, «ep formed be^«-n th ^ ^^^^ ^ 

,nto the center hole from the left ^^^^^^^^^ 

■ « 79 is brought into contact witn tne 

,0 no,0 *= optica, conductor 66 ,n ,t= spec, ^ ^ 
T.er.a«er. *. f-- «t«r„ 74 .ear., one opt,c.J..e^ 

. left and is held In this fitted staw v 

fourth through hole 68D from th- left a ^^^^.^^ 

,30, o. the core 6.B p^«= « ^^^^^^^^^ ^ , e. 

«ed i,«o the fifth through hole ^ 

^ an With the second fitting " 
by the second fixmg nut 80. Wrt ^ ^.^^^ 

* core 64B projecting from the neiu 
the leading end face of ^^^^^^^^^ 33 3,own 

entersthe.owcross-lin.ing.densitvge.22oftheop 



In HQ. 6. 



®' RB the leading end faces of both cores 64A, 

„.re, in the optical conductor 66, he lead ^^^^^ 

e.B are located in th, lo«. cross-linKing-densrW gel ■ 
.r.se.A,64Sareae,suchtha.,heho,h.e.d,n«.n-^^^^^^^^ ^^^^^^ _^ 

— ^'"-*=^"*"'"tt:"posHiona can h, falrlv rough. s,t as 

- - t : j - precis..v .-ugh. m,, 

compared to a case where both end 

contac. with each other according to th 
.ethod. AS a result, operabllltv can be improved. 
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Speciflcanv, since *e ,ow cro.s-,ln.n,-de„sitv «e. Z2 . «l,ed in optica, 
cond.ctor ea, H IS p,=«n. .»twee„ *a .o* en. face. o. ,He co,es 64A. 64B 
e«n .hase and face. a,a no, Cosaly facad opposite to each othec. Thu. as 
.eac,n.ad above, a losa o, tHa ,l«.t t„nan,«.ad .on, one optica. ,lte, 62A to t.e 
„„a, 62B at tne ioln. po^on M thia connector 60 can .e n,axln,a,,v ,uppr.«ed by 
*e low crosa-linklng-densltv ge, 22 present between the end faces. 

It Should be noted that the present Invention is no. limited to the 
construcon and aa,en.b.,ng procedure of the aforementioned embodiment, and a 
variety o, modifications can b. made without departing from the apir. and scope 

of the present invention. 

Per example, although the optical conductor 86 is comprised of the sieev, 
70 and the iow crosa-linkin^-dansity gel 22 fillad in the sleeve 70 in the foregoing 
a^bodlment. the present Inven^on Is not lim«ad such a oonstn-ction. The opfcal 
conductor may be fon^d only of ti,a low orcs-iin.ing-dans^y ge, 22 wW^out 

using the sleeve 70. 

Further. a,though the ,ow cross-.ln«ng-denslty gel 22 is fl„ad into the sleeve 
70 of the optical conductor 66 to be mounted In the connector 60 using the 
dispanaer 30 In the foregoing ambodlment. K may b, filled using a gel ln,.c,in, 
apparatus having an other constn^ction according to the present invention. 
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